Melting of the solvent structure around a RNA duplex: a molecular dynamics simulation study.
From three 2.4-ns molecular dynamics simulations of the r(CpG)(12) duplex conducted at 5, 25 and 37 degrees C, a strong temperature dependence of the dynamics of the water molecules and ions located in the first nucleic acid coordination shell is observed. At 5 degrees C, the highest residence times of bound water molecules exceed 1 ns while, at 37 degrees C, they decrease to 0.5 ns in agreement with available NMR data. Similar temperature dependencies are observed for the potassium ions bound to the duplex. In this temperature range, the structure of the RNA helix remains essentially unchanged. Thus, the observed alterations correspond to a 'premelting' of the solvent structure around the duplex. It is proposed that, before the nucleic acid structure melts, the entropy of the solvent increases to a point where it is no longer compensated by the enthalpic contribution of solute-solute and solute-solvent interactions. At this stage, the weakest structural elements start to melt. In other terms, the experimentally observed melting processes are preceded by a melting of the more labile solvent structure.